Abstract: Multicomponent complexes of varying composition have been prepared from poly(methacrylic acid-co-acrylamide), poly(ethyleneimine) and poly(vinylpyrrolidone). Stability constants and related thermodynamic parameters have been determined. Interpretations have been sought in terms of secondary binding forces and their magnitude.
Introduction
The copolymer from methacrylic acid and acrylamide (MA and AAm) is known to interact with homopolymers (e.g., PEI, PVP) to form interpolymer complexes due to neighbouring group influence [1] [2] [3] . In our recent publications a stepwise destabilization of two-and three-component interpolymer complexes has been reported [4] [5] [6] . This rather interesting behaviour of two-and three-component system could be extended to more complicated four-and five-component systems. The presence of at least four different pairs of interacting units leads to secondary binding forces of different strength so that the pairs can be expected to destabilize at different temperatures. Thermodynamic studies of such complex systems may provide an insight into the possible destabilization in distinct stages. Arguments have been substantiated by studying the same multicomponent complex at different compositions thereby varying the magnitude of these secondary binding forces. Keeping in mind, we have studied now a four-component system of varying composition. Osada's procedure has been used to carry out the thermal studies [7, 8] . Electrochemical studies (e.g., pH and conductance) provide unequivocal evidences for the interactions of different units in different stoichiometries.
Results and discussion
The homopolymer poly(methacrylic acid) (PMA) undergoes complex formation with various other homopolymers (e.g., PEI, PVP) [13] [14] [15] . The presence of alien groups (e.g., AAm) on the main chain of PMA influences its overall affinity towards other polymers. The otherwise inactive AAm units interact with these polymers perhaps due to neighbouring groups' influence [1, 2] . The copolymer from methacrylic acid and acrylamide has been chosen for our investigation. It was characterized by standard electrometric titration techniques [9, 10] and was found to contain 56 mol-% MA units and 44 mol-% AAm units. It was considered of interest to study complicated multicomponent complexes involving these polymers. The mode of interaction of these copolymer units towards complementary units is invariably different and it is anticipated that these pairs get destabilized at different temperatures. To 1 um (um: mol of repeating units) of the copolymer (0.56 um MA and 0.44 um AAm), 0.78 um PEI was added. As expected all MA units of the copolymer and also a part (0.78 -0.56 um) of its AAm units got complexed with the polyelectrolyte (e.g., PEI). To this partially complexed species, 0.78 um of PVP was added, thereby complexing the remaining AAm units (e.g., 0.22 um). A stoichiometric amount of PMA was added to complex the unreacted VP units (e.g., 0.56 um). This four-component complex (complex 1) could be summarized as: The stability constants (K) of complex 1 at various temperatures in the range 10 to 60°C have been calculated using Osada's method [7, 8] . In Osada's procedure a quantity θ, the degree of linkage, is defined as the ratio of binding groups to the total number of potential binding groups. Osada determined the stability constant of the interpolymer complexes as a function of temperature by potentiometric techniques. From pH measurements, θ can be calculated as 
Hence the stability constant K is given by
The related thermodynamic parameters (standard enthalpy and entropy changes, ∆H 0 and ∆S 0 ) have been calculated using the following equations:
The corresponding plots of ln K vs. 1/T for complexes 1 and 2 are depicted in Fig. 1 . The ln K vs. 1/T plots indicate an increase in ln K with temperature. The corresponding enthalpy changes ∆H 1 0 vs. T and ∆H 2 0 vs. T for these complexes show four distinct peaks (cf. Fig. 2 ). These peaks may be assigned to the destabilization of AAm -VP, MA -VP, AAm -EI and MA -EI interacting pairs, respectively [4, 5] . In Fig. 3 Evidence of the stepwise interaction of the component polymers with the copolymer has been obtained from electrochemical studies [17, 18] . In Figs. 4 and 5 the variation of specific conductance and pH with the addition of various components for complex systems 1 and 2 are presented. Electrochemical data provide an authentic evidence of the interaction of the two comonomer units (e.g., MA and AAm) of the copolymer with PEI and PVP in the two multicomponent complexes. 
Experimental part
Methacrylic acid -acryl amide copolymer
The random copolymer was prepared by known methods and characterized [9, 10] . It contained 0.56 mol-% of MA and 0.44 mol-% of AAm units, respectively.
Poly(ethyleneimine) was supplied by BDH Chemicals Ltd., Poole, England, in the form of 50% viscous aqueous solution [11] .
Poly(vinylpyrrolidone) used was of commercial origin (Fluka, Switzerland). The weight-average molecular weight calculated from viscosity measurements was 2.4·10 4 [12] .
Double distilled water and analytical grade methanol were used for all experiments.
The pH measurements of aqueous solutions of polymer or complex were carried out in a water-jacketed cell with 'PTA' digital pH meter, using a combination electrode.
The temperature of the sample solution was controlled by circulating thermostatically controlled water.
The pH was measured at a copolymer concentration of 5·10 -3 um/l in the absence and presence of a stoichiometric concentration of PEI. Complexes did not precipitate at these concentrations.
Conclusions
Thermochemical studies of multicomponent complexes of varying composition indicate that that the magnitude of various parameters (e.g., ∆H 0 and ∆S 0 ) in complexes 1 and 2 correspond to the relative proportions of the pairs of units present in the complex. Evidence of these interactions was provided by IR and electrochemical studies.
